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The present invention relates to viral vaccines. m 
particular, it relates to genetically engineered 
mutant viruses for use as vaccines; vaccines 
comprising the mutant viruses; recombinant cell; and 
to methods relating to the production of vaccines. 



The 



Viral vaccines are traditionally of two sorts, 
first sort are 'killed- vaccines, which are virus 
preparations which have been killed by treatment with 
a suitable chemical such as beta-propiolactone. The 
second type are live 'attenuated' vaccines, which are 
viruses which have been rendered less pathogenic to 
the host, either by specific genetic manipulation of 
the virus genome, or, more usually, by passage in some 
type of tissue culture system. These two types of 
vaccine each have their own disadvantages. Since 
killed vaccines do not replicate in the host, they 
must be administered by injection, and hence may 
generate an inappropriate kind of immune response. 
For example the Salk vaccine, a killed preparation of 
poliovirus, produces an immunoglobulin ( Ig ) G antibody 
response, but does not stimulate the production of i gA 
in the gut, the natural site of primary infection. 
Hence this vaccine, though it can protect the 
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individual fro» ^ neurological complications of 
Poliosis. does not bloc, priaary imBBr and 
s= doe, „ ot confer 4,^^. In 

"Ued vxru.es. do not enter end repUcet. inside host 
«ais. Hence eny beneficial i^icg^i reaponsa ^ 
non-structural proteins produced during replication Is 
not available. They also cannot stimulate the 
auction of cytotoxic T cells directed against virus 
antigens. "Dead" anti S ene can be picKed up by antigen 
Presenting cells and presented to T cells. However 
the presentation occurs via «hc Class « Molecules and 
'"^ t0 - » helper cells. m turn, the 

T helper cells help b cells to produce specific 
entibody against the antigen. 

the production of cytotoxic , cells, virus antigens 
—t be process through a particular pathway inside 
the infected cell, and presented es brCen-up peptide 
*«S»ents on «hc Class I molecules. Thu dagradation 
pathway is thought to „or k „ost effectively for 
Proteins that are synthesised inside the infected 
cell, and hence only virus that enters host cells end 
egresses immunogenic viral protein i. capable of 
generating virus-specific cytotoxic T cells 
Therefore. km . a vaoclnes ^ J 

cellular immunity , galn . t virus infection. Prom this 
P^nt of view, live attenuated vaccines are more 
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To date, live attenuated viruses have been made by 
deleting an inessential gene or partly damaging one or 
5 more essential genes (i„ whlch case/ ^ damage ^ 
such that the genes are still functional, but do not 
operate so effectively). However, live attenuated 
viruses often retain residual pathogenicity which can 
have a deleterious effect on the host. m additlon 
unless the attenuation is cau8ed by . specific 
deletion, there remains the possibility of reversion 
to a more virulent form. Nevertheless, the fact that 
some viral protein production occurs in the host means 
that they are often more effective than kl i led 
vaccines which cannot produce such viral protein. 

Live attenuated viruses, as well as being used as 

'vaccine vectors' for other genes, in other words 
carriers of genes from a second virus (or other 
pathogen) against which protection is required 
Typically, merabers of the pQx v±rus famiiy ^ 

vaccinia virus, are used as vaccine vectors, when a 
virus, is used as a vaccine vector, it i s lmportant 
that it causes no pathogenic effects, m other words 
it may need to be attenuated in the same way that a 
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"" P1S VlrUS •** »ua t . d . The SMe 

M th °- *«-*- above. before 
apply in this case. 

* It !» founa to delete a sene £ron a 

vira! ganoTO M proylde a so _ caiied . cOTpienentingi 
-11 »Mch proves the vlrus Kltfc ^ prMuct ^ 
sene. This has _ ^ 

for «a«p le adenoses. herpesvlrusas ^ 
raises. For aoanov^aas. . ^ ^ ^ 
~~« „ lth frasTOnta of adenovinis ^ s ^ 
(Graham, smiley. Ru ssell fi 

,- alrn ' J - G^n- Virol., 

-r.1 ^a. an. lt was fo<ma ^ it coulfl 

aeletea or lna=„ ratea lmalaa ^ ^ ^ ^ 

t ^ ?7 ' 3 "- 329 - «. vlrus 9re „ 

1 ° n ^ " M ««• •C-Pla.entln, call Una', 

« Pro.ucea a^aro vl ral partes. i t rould not 

- T-ant^-encoa^ re^on o* the SV,0 v iru s 3 eno*e 
<a papovavirus, h ave a ls0 >.e„ ehown Qf 
.-PPortln, th . repUcatlon of virMe8 ^ 

«Bl). For herpes simplex virus cell i lnBO 

' 0611 lln es expressing 
the g B glycoprotein (Cai et al i m , 

ai et al, j. Virol. 62,714-721 
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1987) the gD glycoprotein , Llgas ana Johnson 3 
Virol. 62,l„ 6 , 1988, and th . InTOfliate g>riy protein 
K*. (Deluca .t vlrol ., 56 556i 1985) have 

b«n produce, and these have been shown capable of 
5 supporting the replication of viruses uith 

specifically inactivated copies of the corresponding 

genes . 



The present invention provides a nrctant virus for use 
10 as a vaccine, in which a viral gene encoding a protein 
»hioh l, essentia! for the production of infectious 
virus has be.n deleted or inactivated; and wherein 
said virus can be grown in , cell whloh tes ^ 
heterologous nucleotide seguence which allows said 
1= cell to express the essential protein encoded by said 
deleted or inactivated viral gene. 

The present invention also provides a vaccine which 
comprises a virus as described above, together with 
one or sore excipients and/or adjuvants. The virel 
geno™ M y itself provide the Imogen, or it ray 

contain a heterologous aene 

y «s gene insert expressing the 

immunogenic protein. 

» The present invention also provides a coaple^ntlng 
cell transfected with an attenuated virus as d scrlb d 
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»bove. for M In the preparation of a vacci™. 

The present invention also prides a ^ 
comprises the use of a virus as described above in the 
= Preparation of a vacoine for .the therapeutic or 
prophylactic treatment of a disease. 

The present invention also provides a method for the 
Production of a vaccine which comprises: culturing a 
cell infected with a virus having a deleted or 
inactivated viral 9 ene encoding a protein Khlch ls 
essential for the production of infectious virus, and 
-herein the host cell has a heterologous nucleotide 
sequence comprising said viral gene „ uhlch is ^ 
to express the essential protein encoded by said gene; 
harvesting the virus thus produced, and using it in a 
vaccine. 

The virus may he derived from herpes simplex virus 
<«SV, i„ whlch , £or eM „ ple ^ en=oainj 

glycoprotein „ «g„, has been i^ctlvated or deleted 
The mutant virus may also comprise a heterologous 
seguence encoding an immunogen derived from a 
pathogen. The host cell ^ _ 

recombinant eufcaryotic cell line containing the gene 
encoding hsv glycoprotein „. As ^ 



20 



WO 92/05263 

FCI7GB91/01632 

7 

virus may be derived from an 

rrora an orthopox virus, for 
sample. vaccinia virus _ wMch ajain ^ ^ a 

heterologous seouence encoains „ 
from a pathogen. 

5 

This invention snows a unique way of combining the 
efficacy and safety of a Killed vaccine with the e«ra 
immunological response inauoed by the in vlvo 
production of viral protein by the attenuated vaccine 
0 in preferred embedments it comprises two features. 
Firstly, a selected gene is inactivated within the 
virus genome, usually by creating a specific deletion 
This gene will b e involved in the production of 
infectious virus, but preferably not preventing 
■ replication of the viral genome, ^s the infected 
cell can produce more viral protein from the 
"Plicated genetic material, and in some cases new 
virus particles may be produced, but these would not 
be infectious. This means that the viral infection 
cannot spread from the site of inoculation. 



A second feature of the invention is a cell which 
provides the virus with the product of the deleted 
Sane, thus making it possible to grow the virus in 
25 tissue culture. Hence, although the virus lacks a gene 
encoding an essential protein. l f lt ls grown m the 
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appropriate host cell, it „m nultlply ^ 
complete virus petiole. which ,re to 
appearances indistinguishable from the or lgIral virus. 
This mutant virus preparation is inactive in the sense 
5 that it has a defective genome and cannot produce 
infectious virus in a normal host, and so may be 
administered safely in the quantity required to 
generate directly a humoral response in the host. 
Thus, the mutant virus need not be infectious for the 
10 cells of the host to he protected and merely operates 
in much the same way as a conventional killed or 
attenuated virus vaccine. Hoover, preferably the 
immunising virus is itself still Infectious, in the 
sense that it can bind to a cell, enter it. and 
1= initiate the viral replication cycle and Is therefore 
capable of Initiating an infection within a host cell 
o* the species to be protected, and producing therein 
some virus antigen. There is thus the additional 
opportunity to stimulate the cellular arm of the host 
20 immune system. 

The deleted or inactivated ge™ is preferably one 
involved as late as possible in the viral cycle, so as 
to provide a. many viral proteins as possible in vivo 
25 for generating an immunogenic response. For eMmpl., 
the gene may be one involved in package or some 
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other post-replicative event, such as the gH 
glycoprotein of HSV. However, the selected gene may 
be one Involved In the viral genome replication, and 
the range of proteins expressed in vivo will depend 
upon the stage at which that gene is normally 
expressed. m the case of human cytomegalovirus 
(HCMV) the selected gene may be one (other than the 
immediate Early gene) that effectively prevents viral 
genome replication in vivo, since the Immediate Early 
gene which is produced prior to viral genome 
replication (and indeed is essential for it) is highly 
immunogenic. 
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This invention can be applied to any virus where one 
or more essential gene(s) can be identified and 
deleted f rom or ina ctivated within the virus genome. 
For DMA viruses, such as Adeno, Herpes, Papova, 
Papilloma and Parvo viruses, this can be achieved 
directly by (i, the in vitro manipulation of cloned 
DNA copies of the selected essential gene to create 
specific DNA changes; and (ii) re- introduction of the 
altered version into the virus genome through standard 
procedures of recombination and marker rescue. The 
invention however, is also applicable to RNA viruses. 
Techniques are now available which allow complementary 
DNA copies of a RNA virus genome to be manipulated in 
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vitro by standard genetic techniques, and then 
converted to RNA by in vitro transcription , The 
resulting rnas may then be re . introduced ^ ^ 
virus genome. The technique has been used to create 
specific changes in the genome of both positive and 
negative stranded rna viruses, e.g. poliovirus 
(Racaniello and Baltimore, Science, 214, 916-919, 
1981) a „d influenza virus (Lutyes et al.. Cell, 59 
1107-1113, 1989). 



in theory, any gene encoding an essential protein 
should be a potential target for this approach to the 
creation of attenuated viruses, m practice however 
the selection of the gene will be driven by a number 
15 of considerations. 



20 



25 



The gene should preferably be one which is 
required later in infection. Thus replication of 
the attenuated virus is not interrupted in the 
early phase. This means that most and possibly 
all other virus antigens will be produced in the 
infected cell, and presented to the host immune 
system in conjunction with host cell mhc class 1 
molecules. Such presentation leads to the 
development of cellular immunity against virus 
infection through the production of cytotoxic T 
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cells. The cytotoxic T cells can recognise these 
antigens, and therefore kill virus infected 
cells. It is possible that the deleted gene 
could represent one which is not required at all 
for virus assembly, but is necessary for the 
assembled virus to be able to infect new cells. 
An example of such a protein is the HSV gH 
protein. i„ the absence of this protein, HSV 
virions are still produced, but they are 
non-infectious . 

2. Ideally, the product of the selected gene should 
not, on its own, be toxic to the eukaryotic cell, 
so that a complementing cell can be produced 
relatively easily. This however is not an 
absolute requirement, since the gene may be 
Placed under the control of an inducible promoter 
in the complementing cell, such that its 
; expression may be switched on only when required. 

The nature of the mutation created in the target gene 
is also a matter of choice. Any change which produces 
a non-functional gene product is satisfactory, as long 
as the risk of reversion to a wild type structure is 
minimised. Such changes include interruption of the 
target with extraneous sequences and creation of 
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deletiQM - ~ ~* satisfactorv s trateov 

OT 8 <° * - » therapeutic ana/or 

propnvlactic „ ould te one ^ a aeietion ^ 

-ade that encompasses the entire seance to he 
introduced into the =o*ple*entin 3 calx. The approaoh 
^isee the rls* of re^atlno ^ Tlru . 

throu Bh reception between the virus and M1 1 DNA 
in the complementing cell. 

"thouoh there are severe, ^ 0£ ^ 

T" 1 " ina0tiVSt8a - complement!^ 

cells, (see earlier discussion,, to date, these have 
heen usea either for hasic research on the virus, or 
- ^ the case of retroviruses, to mafce a eafer vector 
«- P~dud„ 9 transoemc animals. Tney haV e not te 
-a for vaccine purposes, ana to the applicants 

led ' e "° SU9BBS "°" <* k i»a of use has heen 

proposed . 



-,well as uslno such .„ motivated virus/ 
complement^ cell cognation to produce sa £ e 
v-ines aoalnst the wna-tvpe vlrus , ^ 

!° *^ " lth thS - « «« svstem to proauce 

safe viral vectors for use as vaccines ag elnst foreign 

*s pathogens. 
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An example of such a vector is one based on HSV. The 
HSV genome Is large enough to accommodate considerable 
additional genetic information and several examples of 
recombinant HSV viruses carrying and expressing 
5 foreign genetic material have been described (e.g. 
Ligas and Johnson, j. Virol. 1988, op. cit.). Thus a 
virus with a deletion in an essential virus gene as 
described above, and also carrying and expressing a 
defined foreign gene, could be used as a safe vector 
for vaccination to generate an immune response against 
the foreign protein. 
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A particular characteristic of HSV is that it may 
become latent in neurones of infected individuals, and 
occasionally reactivate leading to a local lesion. 
Thus an HSV with a deletion in an essential virus gene 
and expressing a foreign gene could be used to 
produce deliberately latent infection of neurones in 
the ; treated individual. Reactivation of such a latent 
infection would not lead to the production of a 
lesion, since the virus vector would be , unable to 
replicate fully, but would result ^ ^ ^ Qf ^ 

initial part of the virus replication cycle. During 
this" time expression of the foreign antigen could 
occur, leading to the generation of immune response, 
in a situation where the deleted HSV gene specified a 
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protein which was not needed for virus assembly, but 
only for infectivity of assembled virions, such a 
foreign antigen might be incorporated into the 
assembled virus particles, leading to enhancement of 
its immunogenic effect. This expression of the 
foreign gene and incorporation of its protein in a 
viral particle could of course also occur at the stage 
where the mutant virus is first produced in its 
complementing host, in which case the mutant virus 
when used as a vaccine could present immediately the 
foreign protein to the species being treated. 

in another example, vaccinia virus, a poxvirus, can 
carry and express genes from various pathogens, and it 
has been demonstrated that these form effective 
vaccines when used in animal experimental systems. 
The potential for use in humans is vast, but because 
of the known side effects associated with the 
widespread use of vaccinia as a vaccine against 
smallpox, there is reluctance to use an unmodified 
vaccinia virus on a large scale in humans. There have 
been attempts to attenuate vaccinia virus by deleting 
non-essential genes such as the vaccinia growth factor 
gene (Buller, Chakrabarti, Cooper, Twardzik & Moss, J. 
Virology 62,866-874, 1988). However, such attenuated 
viruses can still replicate in vivo , albeit at a 
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reduced level. No vaccinia virus with a del tion in 
an essential gene has yet been produced, but such a 
virus, deleted in an essential gene as described 
above, with its complementing cell for growth, would 
provide a safer version of this vaccine vector. 

A further advantage of this general strategy for 
immunisation against heterologous proteins is that it 
may be possible to perform multiple effective 
vaccinations with the same virus vector in a way not 
possible with conventional live virus vectors. Since 
a standard live virus vaccine probably relies for its 
efficacy on its ability to replicate in the host 
animal through many cycles of infection, its 
usefulness will be severely curtailed in an individual 
with immunity against that virus. Thus a second 
challenge with the same virus, whether to provide a 
booster immunisation against the same protein, or a 
new ^response against a different protein, is likely to 
be ineffective. Using a virus vector with a deletion 
in ah essential gene however, where multi-cycle 
replication is not desired or required, the events 
leading to effective immunisation will occur very soon 
after immunisation. The dose of the mutant virus can 
be relatively large (since it should be completely 
safe), and it is therefore unlikely that these early 
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events will be blocked by the host Immune response, 
which win require some time to be mobilised 
completely. 



Although we have referred above to a mutant virus 
being defective in an essential gene, and optionally 
containing a gene for an immunogenic pathogen protein, 
the mutant could be defective in more than one 
essential gene, and/or contain more than one 
immunogenic pathogen protein gene. Thus, the mutant 
virus might include the gene for HIV gp 120, to act as 
a vaccine in the manner suggested above, and also the 
gene for the HIV gag protein to be expressed within 
the vaccinated host and presented at the surface of 
the host cell in conjunction with MHC-I to stimulate a 
T-cell response in the host. 
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in order that the invention is more clearly 
understood, it will be further described by way of 
example only, and not by way of limitation, with 
reference to the following figures in which: 

Fig.l illustrates the production of plasmid pGHl; 
Fig. 2 illustrates the production of plasmid pGH2; 
Fig. 3a shows the pair of complementary 
oligonucleotides used to generate the plasmid pSP64Ta; 
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Fig. 3b illustrates the production of pi asinld pSP64TA; 
Fig. 4a shows the two oligonucleotides used to generate 
the plasmid pCMVIEP; 

Fig. 4b illustrates the plasmid pCMVIEP; 
5 Fig. 5 illustrates the plasmid pCMVlacZ; and 
Fig. 6 illustrates the plasmid pGH3. 

Fig. 7 illustrates the strategy for construction of 
plasmid pGH-120. 



10 



Herpes Simple y lrus MmM «•„ GlvcoDro ^ n „ 
HSV) 
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Herpes simplex virus (HSV) is a large DNA virus which 
causes a wide range of pathogenic symptoms in man, 
including recurrent facial and genital lesions, and a 
rare though often fatal encephalitis. Infection with 
this virus can be controlled to some extent by 
chemotherapy using the drug Acyclovlr , ^ ^ ^ 
there is no vaccine available to prevent primary 
infection. A difficulty with vaccination against HSV 
is that the virus generally spreads within the body by 
direct transfer from cell to cell. Thus humoral 
immunity is unlikely to fee . f£ . ctlve# 

circulating antibody can only neutralise extracellular 
virus. of more importance for the control of virus 
infection, ls cellular immunity, and so a vaccine 
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which is capable of generating both huaoral an(J 
cellular immunity. ^ whioh ^ ^ ^ ^ ^ ^ 

considerable advantage. 

5 * suitable target gene for inactlvation within the HSV 
senome i a the glycoprotein H gene (gH) . Th . 
Protein is a glycoprotein which is present on the 
surx.ce of the virus envelope. This protein is 
thought to be involved, in the process of ^ 
10 fusion during entry of the virus into the infected 
-11. This is because temperature sensitive virus 
-utants with e lesion in this gene ere not excreted 

from virus infected cells at *-ho „ 

1S at the non-permissive 
temperature (Desai et al i r. 

" 81 J - Gen. Virol. 69 
» 1»7-U5 6 . 1988) . The protal „ ls aMgtmmd iate ^ 

infection, and so in ltm aosenoe> , considerable 
amount of virus protein synthesis may still occur. 

All genetic menipuletion procedures are carried out 
according to standard methods described in -«oleculer 
Cloning". A Laboratory Manual, eds. Sambroo*. Frltsch 
and Mamatis. Cold Spring Harbor Laboratory Press 
1989. 
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A. Option of „ P „ , 

gene 



The 9 H gen. is present in the Vn± ^ ^ ^ 
■ - «.e HSV type X ganooe , nuolMtidM ^ 

43868 <"*~<* « .1. J. Gen. vird. 69 

1531-1574 ' 1988) " * <*°ned copy of this gene is 
avaiXaoXe within the plasmid ^. Thls plaMla ^ 

Produced by excising . Bgxxx-xhol fra g ment 
encompassing the complete gH coding sequence. fro the 
Placid pTZgH, and cloning lt Into tha ^ ^ ^ 
Placid PSP64T a. described (Compels a nd Mineon. a 
Virol., 63 . 4744-4755. 19M) . A 

containing the promoter seguence for the gXycop.ot.in 
» <J»> .gn. (extending from „ U cX. ot id.s -392 to *ll 
»«h respect to the start or the g D gene, ls tb J„ 
seised from the plasmid p S VD4 (Everett. N„ C 1. Acids 
«-;. XX, 6647-6667. 1983,. and cloned ^ ^ 
HindXXX site or pAF2 to generate pGH x (llgure „ 8uch 
that the promoter seguence is in the correct 
orientation to drive expression of th. g H .... Thus 
this plasmid contains th. complete gH coding sequence 
under the controX of the RS V type 1 g D gen . promoter 
This plasmid is then purified and then co-transfected 
into v.ro cells with the plasmid pNEO (Pharmacia LKB 
Biotechnology x„c. , usin g the standard calcium 
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Phosphate co-precipitation technic (0rahaiIl M Van 
aer Eb. virology 52. 4 56 -«7, 1973,. vero cells Khlch 
have acquired resistance to neomycin are then selected 
by passage of the cells in the drug mu. ^ 
of these cells cloned by lifting dilution. These 
neomycin resistant cells are then am pll£1 . d ^ tisaua 
culture, and sample, are then infected with HSV type 2 
virus. infection with the HSV type 2 virus has the 
effect of inducing transcription from the type 1 ,D 
Promoter present in the complementing cell ge^me. and 
3= of stimulating production of the type 1 g„ proteln 
1» the complementing cell. Lysate3 of ^ 
-Us are then screened for expression of the gH 
protein by astern blotting, „ S i„ g . polycXoMl 
antiserum ^ to recognis, specifically the type 1 
3 H protein (D esai et ,1.. 19e8 op cit.,. Cells „bicb 
express the reouired protein are then retained and 
frozen stooKs prepared. This material represents the 
gH+ complementing cell line. 




25 A 6«2 base pair Bgxu fragment containing the coding 
sequence of g„ together „ltb HSV fleeing seq „ enoes ls 
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excised from the plasmid P UG102 (Compels and Minson, 
Virology 153, 230-247, 1986) and cloned into the 
Plasmid pAT153 (Twigg and Sherrat , IBS, 216. 

1980) to generate pGH2 (figure 2). This plasmid is 
5 digested with Pvull which cuts only within the g H 
coding sequence at two positions (nucleotides 44955 
and 46065 according to the numbering scheme of McGeoch 
et al, 1988, op cit.), and the larger of the two 
fragments purified. A fragment of DNA consisting of 
the complete B-galactosidase gene from E coli 
downstream of the Immediate Early gene promoter from 
Cytomegalovirus (CMV) is then prepared by the 
following procedure. First of all a pair of 
complementary oligonucleotides (shown in figure 3a) 
are annealed and ligated with Bgin-digested, 
Phosphatase-treated pSP64T (Krieg and Melton. Nucl. 
Acids Res. 12, 7057-7071, 1984) to generate the 
Plasmid p S P64Ta as shown in figure 3b. The added 
linker also includes the initiation codon and first 
three codons of the B-galactosidase gene (lacZ) of 
E.coli. Next the "core region" of the Immediate Early 
gene promoter of CMV is amplified from plasmid P UG-H1 
(Compels and Minson, 1989, op cit.) by the Polymerase 
Chain Reaction technique ( PCR-Molecular Cloning, ed. 
25 Sambrook et al., op cit.) using the two 
oligonucleotides shown in fig ure 4a , which correspond 
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to seance* fro* -302 to - 2 ee. ana £ron .„ tQ 
respectively (mMbe rea in ral at i on ^ ^ ^ ^ ^ 
™v Mediate Early gene as aescrlbed ^ ^ 

Virus RasearC, 2 , 107 . 121 _ ^ 
olioonucleotldes also contain, at ^ ^ ^ 
for the ruction ^ Hinaiii _ ^ ^ ^ ^ ^ 

the olloonucl.otiae anneali ng up « reM of 
— tar. an aaaitlonal saai , lte . Tfte 
p~auct DHi ls ^ dlgestea „ lth Hinaii 

0 into HindIIl.41g.3tea ps P64Ta . _ 

„,„„,„ IM to aenerate the plasmia 

on a . _ piete Q£ 

B- 9 elactosiaase ga ne. lacking ^ the MtreM s , ena 
— e, is isolatea ^ algeation of 
the pi— a psca .cha^rti et al _ mi 

l 01 " 5 ' 3403 " 3409 ' 19851 W " h — . « —a into 
~ uni,ua ^ Elte o£ ^ ^ 

5K * «*-~' o f DNA contalnln, the 
agalactosis g ane „nae r the control of the c«v „ 

*~ o £ PGH2 aascrlbea ^ tQ generate 

which consists o f a cop. „ £ the 9 H 9 ene interruptea hy 
a functional B- g alactosiaase ge „ e (figure 6) . 

»e« step is to replace the „ila type o„ oe™ ■ 

He „ type 9" 9 er »e in the 

HSV genome with this interrum-on 

interrupted version, and this is 
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done by allowing recombination between HSV DNA and 
plasmid pGH3, followed by selection of those viruses 
which have acquired a functional B-galactosidase gene. 
Plasmid pGH3 DNA is therefore cotransfected into cells 
' expressing the g„ ge ne (the gH+ complementing cell 
line described in section A) along with purified HSV 
DNA isolated from purified HSV virions (Killington and 
Powell, m "Techniques in Virology: A practical 
Approach" (ed. B.W.J. Mahy) pp . 2 07-2^ t IRL Press 
Oxford ( 198 5>) by the standard calcium phosphate 
precipitation technique (Graham and Van der Eb, 1 973 , 
OP cit.) The progeny HSV virus produced from this 
transfection experiment is then plated on monolayers 
of gH + complementing cells by standard plaque assay, 
using an agar overlay, i„ the presence Qf 
5-bromo-chloro-3-indolyl-p- D . galactoslde (x . gal) q 
chromogenic substrate which i S converted to a blue 
substance by the enzyme p-galactosidase. Thus plaques 
resulting from infection by virus genomes containing 
and expressing the B-galactosidase gene will appear 
blue. These virus genomes should therefore carry an 
interrupted version of the g H gene. virus is 
recovered from these plaques by picking plugs of agar 
from the appropriate part of the plate, and virus 
stocks prepared through growth of virus in the g H+ 
complementing cell line. These viruses, since they 
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bear ttfiWM<I TCrsions of ^ ^ ^ ^ ^ 
unable to form p laques on oeUs ^ fc ^ 
-a express an enaogenous £unctlonal ^ of ^ 
Sens- ana so t= confirm ^ . smple ^ ^ ^ ^ 
aesayea for lts tQ fora piaw8 on ^ 

Vero cell monolayers In comparison with the 
^-complementing cells. Flaallyi rtrus ^ 

prepared fro. these stocks, ana oheckea for ^ 
expected DNA struoture ^ ^ ^ ^ ^ 

blotting. After confirmation of ^ 9anetic 

stature, a large stock o f the g„ gene-aeflcient 
virus is then preparea by lnoculitlon of . ^ ^ 
the virus into a large-scale culture of the 
complements, cell l lna (multiply of Jetton . 
0.0D, ana three days later, the infected calls are 
harvested. The ln fect.a calls are disrupted by 
•onicetion in oraer to release the cell-associated 
virus, ana th. total sonicated mi«ur. storaa at -70= 
as the virus master stock. Th e tltr. of the virus 
stop* is than estahllshea by plague assay on the g„* 
complementing cell l ine . SamplM of ^ ^ ^ 

are then usea to prepare working stocks as before, ana 
these working stocks are then „ se a to i„ fec t 
laboratory animals as aescribed below. 
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C Studies on the Protective of oH _ Hgw 

Compared to Heat Killed Virus 

In order to assess the host immunological response to 
this virus, challenge experiments were conducted in 
mice according to the experimental plan described 
below. 
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The protective effect of a live gir virus preparation 
was compared with an inactivated preparation of wild 
type (WT) virus (strain SC16) as follows. 

Preparation of inactivated wild type virus for 
vaccination 



HSV type 1 (strain SC16) was grown by low 
multiplicity infection (0.01 pf u/cell ) of Vero 
cells. After three days, the virus was 
. harvested, and cytoplasmic virus recovered by 
20 oounce homogenisation . Nuclei were removed by 

centrifugation at 500xg for I5min, and, the virus 
was recovered from the supernatant by 
centrifugation on to a 40% sucrose cushion at 12K 
for 60 min Beckman Sw27 rotor. The banded virus 
was diluted, pelleted and purified by sucrose 
gradient centrifugation (Killington and Powell, 
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1985, op. cit.). The virus band was harvested 
from the gradient, and the virus recovered by 
centrifugation. virus was resuspended in 
Phosphate-buffered saline (PBS), assayed for 
inf ectivity by plague titration on baby hamster 
kidney ( BHK) cells, and the particle count 
determined by electron microscopy. The 
particle: inf ectivity ratio of the preparation was 
110 particles/pfu. The virus was diluted to 2.5 
x 1010 pfu/ml in pBSf and inactivated by 

treatment with p-propiolactone for 60min at 20°c. 
Aliquots were then stored at -70°C. 

Preparation of live gir virus for vaccination. 

This material was prepared as described for the 
wild type virus, except that the virus was grown 
in the g H+ complementing cell line containing and 
. expressing the HSV type 1 gH gene, and it was not 
inactivated by treatment with 0-propiolactone. 
The particle: inf ectivity ratio of this 
preparation was 150:1. The concentration of this 
preparation was adjusted to 2.5 x 10^0 pfu/ml, 
and aliquots were stored in PBS at -70°C. 

Vaccination protocol 
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4 week-old female balb/C mice (purchased from 
Tucks U.K. Ltd) were vaccinated with various 
doses of inactivated WT virus or live gH- virus 
in 2ul volumes of phosphate-buffered saline by 
droplet application and needle scarification of 
the right ear as follows: 



Group A Control - no virus 

10 Group B 5 x 10* pfu virus vaccine 

Group C 5 x 10 5 pfu virus vaccine 

Group D 5 x 106 pfu virus vaccine 

Group E 5 x 10 7 pfu virus vaccine 
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After 14 days, all mice were challenged by similar 
inoculation of the left ear with 2 x 10* pfu H SV-1 
strain SCI 6 (wild type virus). Mice were killed after 
5 days and assayed for virus infectivity in the left 
ear. and left cervical ganglia ell, clll and civ 
(combined). For latency studies, other vaccinated and 
challenged animals were killed after l month, and 
tested for latent infection by dissecting out the ell, 
cm and CIV ganglia. These were incubated in medium 
for five days then homogenised and assayed for the 
presence of infectious virus by standard plaque assay. 
All the following results are expressed as pfu/organ. 
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Phase „ lnfBrT1nn nffpT uss ^ n ^ ^ _ ^ 



10 



15 



20 



group a 



group b 



Mouse no. 



1 
2 
3 
4 



1 
2 
3 
4 



Virus titre - log 10 pf u (WT SC16) 
Ears mean cervical ganglia* mean 



4.2 
4.2 
4.6 
4.3 



3.4 
none 
none 
none 



4.3 



0.85 



3.3 
3.4 
3.4 
3.4 



1.5 
2.4 
2.0 
1.5 



3.4 



1.8 



25 



group c 



1 
2 
3 
4 



none 
none 
none 
none 



none 
none 
none 
none 



30 



group D 



1 
2 
3 
4 



none 
none 
'none 
none 



none 
none 
none 
none 



35 



40 



group e 



1 
2 
3 
4 



none 
none 
none 
none 



none 
none . 
none 
none 



* Pooled cervical ganglia ell, C IH and civ 
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Table 2- Titre of rhmiong, virus M «. thp 

acute phase of Infection after .., Th 
5 inactivated WT HSV-1 



10 



15 



20 



group A 



group b 



Mouse no. 
1 



Virus titre - log 10 pf u (WT SCI 6) 
Ears mean cervical ganglia* mean 



4 



5.7 
4.4 
5.7 



4.2 
3.6 
3.5 
3.8 



5.2 



3.8 



2.6 
2.3 
2.1 



1.9 
3.1 
none 
none 



2.3 



1.2 



25 



group c 



2 
3 



none 
2.5 
2.9 
2.7 



2.0 



none 
none 
none 
none 



30 



group d 



1 
2 
3 
4 



3.9 
2.0 
2.0 
2.3 



2.6 



none 
none 
none 
none 



35 group E 



1 
2 
3 
4 



none 
none 
none 
none 



none 
none 
none 
none 



40 



* Pooled cervical ganglia ell, clll and civ 
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Table 3- Ti^e nf rhnl1pn .„ , ^ m ^ ^ 

in the cervix atter „^, < „, tlm a< „ 

HSV-1 ' 3 



Virus titre in- 

1 5 4 

group A 2 J; J 



3 



4 



4 



1 



4 



15 5 5.3 



group B 2 n ° ne 



20 3 1:1 3/4 



5.3 



group c 2 none 

25 t n °ne 



3 ^2 1/3 



group d 2 none 

30 | none 0/4 



none 
none 



35 group E 2 n ° ne 



3 none 0/4 

J none 7 



none 



* Pooled cervical ganglia ell, clli and civ 
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10 group A 



mouse no. 



1 
2 



Virus titre in- 
cervical ganglia* reactivation frequency 
(log 10 pf U WT) «iuency 



none 
5.0 
5.0 
5.2 



3/4 



15 



20 



25 



30 



group b 



group c 



group d 



l 
2 
3 
4 



1 
2 
3 
4 

1 
2 
3 
4 



3.5 
4.0 
5.5 
none 



3.6 
5.1 
none 
none 

none 
4.8 
none 
none 



3/4 



2/4 



1/4 



35 



group E 



1 
2 
3 
4 



none 
none 
none 
none 



0/4 



* Pooled cervical ganglia ell, cIII and civ 

40 (p.f. u „ plague £orming ua±ts| gH _ is a v±rus a 
defective gH gene). 



These results show the titre of the challenge virus wt 
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the ™ phas . of lnfMtlon _ ihua _ a iM ^ 

indicates coed a«.ctiven.ss o f the va0 cination 
r. 9l -e„ with gH . virua „ hereM a hi9fter 

indicates poorer effective. It is olear ^ ^ 
resuits that vaccination with live gH . ^ ^ ^ 
~r mucn «. elective than an eouivalent amount «* 

inactivated WT virus. with *h , 

With the inactivated 
Preparation, a dose of 5 x 10 7 pfu was 

P-vent chaXXen ge v irus repl i cation ±n ^ _ 
whereas with the 1±ve gH _ ^ ^ ^ 

virus was reared. Li ve gH - virus vaccination with 5 

- tb. chaXXen ge virus in the cervicaX g an g Xia durin g 
1*. acute phase of infection, and furthermore showed a 
dear protective effect a.ainst the estahXish.ent of 
latent infection in the cervicaX g an g ii a . 

HSV Xacking the aH 7 n 1 

20 a gainst - ~™ nu - 



X5 



a foreit 



Ten: 



introductjnn 



of the gpi?n 




virus 



25 



Viruses with deletions in .s^ntiai geM s My . as 
*U~, - foreion anti^ to the i^e systen , and 
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the g H - HSV virus described above provides a suitable 
example of a such a vector. This virus could be used 
to express any desired foreign antigen, but a 
particularly attractive possibility would be the major 
> antigenic proteins of the AIDS virus human 
immunodeficiency virus (HIV) . Thus these sequences 
would be inserted into the g H - HSV genome in a way 
that would ensure their expression during infection 
of normal cells (i.e. non-complementing cells) by the 
recombinant virus. Infection of an individual with 
such a virus could lead to a latent infection which, 
from time to time upon reactivation, would lead to a 
burst of production of the foreign antigen, resulting 
in stimulation of the immune response to that protein. 

Since studies to test this approach directly in humans 
are not feasible at present, as an initial stage, the 
approach may be tested in monkeys using the Simian 
AIDS virus SIV inac (Simian immunodeficiency virus 
isolated from macaques), a suitable SIV gene for this 
Purpose is that encoding the gpl20 protein, one of the 
major antigenic targets for this virus. This gene is 
therefore introduced into the gH- HSV genome, and the 
efficacy of this virus as a vaccine to protect monkeys 
against challenge with SIV assessed. 
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91,120 — is *«= - all Clone* « to the 
qTO ™ BalOVlrUS " <=°~ -~ «*»Pels and Minaon 

op. cit.,, and subsequently . dha cassette 
consist^ of the ^ gme ^ upatr _ ^ 

^*er *s cloned into plasmld pGH2 Uigur. 2,. The 

rMUltln9 Pl ™ ld iS -transected Into the gH - 

complementing cell iine along „ lth DIa ^ 

«- B „- hsv. ana recoct virus whlch hM 
the gp^o sane in plaM o£ ^ 

present in the ». HSV virus is Elated by screening 
for interruption of the f-galactosidase gene. 
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»• -erall scheme for this procedure is shown i n 

Figure 7. a SacI ra . trl „,, 

restriction enzyme fragment 

(corresponding to bases 5240-8721, is excised from a 
Cloned DNA copy of the SIV ganome < Ch.teah.rti et .1 

Na-ture 328, 543 mqo^x 

«. 543 ( 19 87). ana cloned into the Saol site 

of Plasmid p DCll8 ( viera and Messing. Methods i„ 
~>gy. 1S3. 3. 1M7) in order M generKe piasnia 

f 1 My "° — «*- to single stranded DNA 

"^Pulation by site directed mutagenesis . This 
"* region, which includes the sxv e„v gene (1 y lng 
between 6090-82,8, is then altered by site directed 
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mutagenesis (Brierley et al.. Cell 57, 537, 1989) to 
introduce a restriction enzyme site for the enzyme 
EcoRV at positions 6053-6058 using the synthetic 
oligonucleotide 

5 5 ' GAAGAAGGCTATAGCTAATACAT . 

A second EcoRV site is then introduced at position 
7671-7676 within the S1V env gene corresponding to the 
cleavage site between the gpl20 and gp40 domains of 
the env gene sequence, using the synthetic 
oligonucleotide 

5 'CAAGAAATAAACTATAGGTCTTTGTGC 
to generate the plasmid pSIV2. a DMA fragment (1617 
base pairs) corresponding to the gpi20 portion of the 
SIV env gene is then prepared by digestion of SIV2 
15 with EcoRV. 



10 



20 



The core region of the CMV immediate early gene 
promoter is obtained from the plasmid pUG-Hl (Compels 
and Minson, 1989, op cit. ) by the PCR technique using 
the following two synthetic oligonucleotides. 



upstream primer 

5' ATC G^CTATJG CCTGGCATTATGCCCAGTACATG 
downstream primer 
30 S,T a ^^? M ^™ <^™™™UXTCCC 
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*he product of this reaction is then cleaved „ lth the 
en2y °" !S ECOM — to oenerate a DHA fragment 

which is then cloned into ficoRI- ana Hindi I ! -digested 
Plaa*" PUC11S *° ■«*«* the pias^ pcMVIE2 whlch 
■ a unique Sma! sit. located Just downstr^ of the 

™V promoter sequence. The EcoRV fragMnt 
«*> gp 120 co^^ seauence prepare(j m 

above, is then cioned into this Soar site, .nd plas«ld 
PSXV3, with the S!V coding region orients corrects 
10 to ^ agression of the coding seauence fro* the 
propter, is then selected. Ihis pl^a ls ^ 
"gested with hcoRV to yield a blunt-ended DNA 
fragment consisting of the SIV sequence togathar with 
the CMV promoter, which la then cloned into 

L5 Pvull-digested P GH2 (Figure 2\ 1-0 r,™, 

i*-«.gure to produce pGH-120. 
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25 




DNA is purified fro. the gH- HSV virus constructed as 
veiled in the previous section, and co-transfected 
into ,h. complementing cell, .long with purified 

PGH-120 DNA. Prog . ny ylrU8 £ron 
transfection procedure is then plated on „onol.yers of 
the gH. complementing cell l ine hy standard plaque 
assay as before using an agar overlay in the presence 
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of x-gal. The par.nt.1 9 „. virus oaiIlM . 
>- a .lectosld..e gene. located BltMn ^ rMiduai ^ 
coding seines, eM ln tt8 pM8TOCe Qf x . gal _ 
for. blue pl W . Recombinant viruses ^ 

s have acquired the SIV crol20 rv,^„„ 

gpi20 coding sequence in place 

of the 0-galactosidase oene m n « * 

gene, will produce white 

Pla9US *- V1 ™ S 1S "~verad fro. the., white plagues 

* PlCkln! ' P1U9S ° f »<> «rus stocks prepared 

through growth of ^ virus ln ^ ^ 

oeu line. Virus dna is prepay £rm these stocka 

•na checked ror the pr.s.„ c . of ths corr . ot ^ 

structure around the gH gen. by Souths Blottlna 

u.^ appropriate probes derived fro. the S!V coding 

r" 6 ""- FlMlly ^ ° £ «* "™ - prepared as 
before for vaccination studies in annuls. 

* vaccine comprising the attenuated virus can be 
Prepared and used according to standard technics 
*no«» in the art. For sample, the vaccine may aiso 
comprise one or more excipients and/or adjuvants. The 
effective dose of the attenuated virus to be provided 
>v the vaccine may be determined according to 
techniques well known in the art. 
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CLAIMS 
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1. A mutant virus whose genome u ^ 
rMPeCt ° £ ' 9 *"* *«'»^ *or th. products of 
ln£eC "° US VlrUS - - d *** " «P«. of profcting a 
susceptible species immunised therewith ag.m.t 
infection by the corresponding wild-type virus. 

2. A mutant virus according to claim l which is 
infectious for cells of a susceptible species 
immunised therewith. 



3- A mutant virus whose genoms i. defective in 
respect of a gen. essential for th. production of 
infectious virus, and whose genome includes genetic 
material including an immunogenic protein from a 
Pathogen eaogenous to the virus. 

A mutant virus according to claim 3 which is 
infectious for cells of a susceptible .pedes, whereby 
the exogenous immunogenic protein is expressed in 
of said species i„fect.d with th. mutant virus. 

5- A mutant virus according to claim 3 or claim 4 
wherein the immunogenic protein confer, i^u^ 
gainst .aid pathogen m an infected species which is 
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normally susceptible to the pathogen. 

6. A mutant virus according to claim 5 wherein the 
virus is capable in an infected species of 
5 establis hlng . latent lnfectlon ^ 
reactivation. 



7. A mutant virus according tQ ^ ^ ^ ciaims 3 

to 6 wherein the exogenous protein is from an 
10 immunodeficiency virus. 

8. A mutant virus according to claim 7 wherein the 
exogenous protein i S an immunodeficiency virus 
glycoprotein. 
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9. A mutant virus according to any one of the 
Preceding clalms whicn ±s ^ 

virus (HSV). 

10., A mutant virus according to claim 9 wherein the 
said defective gene is the HSV glycoprotein gH gene. 

11- Use of a mutant virus according to any one of the 
preceding claims in the preparation of a vaccine. 

12. A vaccine comprising a mutant virus according to 
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any one of claims 1 to 10. 



13. A method of making a mutant virus of any one of 
the claims 1 to 10, which comprises expressing in a 
recombinant host cell the genome of the virus which is 
defective in respect of said gene, the host cell 
expressing also a gene which complements the viral 
gene so as to allow the production of said mutant 
virus . 
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Figure 3 

a) 
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5' GATCCACCATG ACCATGATTA 

GTGGTACTGGTACTAATCTAG 5' 



b) 



start of lacZ 



Bglll 



•QATTCCAC^JACCATGATTAGATCT. 




Figure 4 

a) Upstream Primer 

5 ATCAAGCTTCCCGGG CC I GGCATTA'i GCCCAGTACATG 



Downstream primer 

c , w JS2! CMV serene, 

\ 5 T CAAAGC7TGAGU I CTGATTATATAGACCTCCC ' 



b) 



Wndlil] 
Smal 



CMVIE 
promoter 



globingene globingene 
5*UTR 3' UTR 




Hlndlll 

Bglll 

PCMVIEP 



Smal 
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Figure 6 
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